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ABSTRACT 
This paper will give an overview about the technological change in Industrial Hydraulics and the impact 
of the Digital Twin on the related new engineering processes and methods in order to overcome the 
challenges coming out of that technology change. Simulation models will more and more become a 
decisive factor for the engineering process. The Digital Twin will be a window of opportunity for 
innovations and a technology push for the engineering process and the products in the Industrial 
Hydraulics.  
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1. INTRODUCTION 
This change is driven by the two major 
technology trends in the Industry sector: 
Electrification: Due to the increasing 
awareness of energy efficiency, the classical 
hydraulic solutions will be replaced or 
transformed into electro-hydraulic solutions. 
That means that hydraulics will be driven by 
speed variable electric motors (e.g. SYTRONIX). 
That will lead to interdisciplinary solutions which 
must be handled in an interdisciplinary way in the 
development process which begins with a first 
design and ends up with the commissioning & 
service. 
Digitalization: Electronics and software will be 
added to the hydraulic products and standard 
hydraulics will lead to more and more software 
related products. Therefore, the complexity of the 
products and the technical solutions will increase 
as well as set-ups and special skills will be 
required in the development process. Besides the 
technology trends above, an increasing demand 
for higher productivity, dynamic and precision of 
Figure 1: motivation and challenges for Model Based Engineering  
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production machines within parallel reduced life 
cycle costs and a general need for short time to 
market will require a new development approach. 
From the first concept at the beginning, the 
design phase up to the engineering and 
commissioning process the Digital Twin (product 
data and models) becomes more important and 
models are needed to achieve the targets. 
2. DIGITAL TWIN AND MODELLING 
These models are not only domain specific due to 
the merging technologies. Therefore, a FLUID 
mechatronic model approach is needed: 
Figure 2: multi technology modelling 
Today the first design concepts are typically 
made by an early multi-technology simulation 
based on approved component and system 
models. Afterwards, the functionality is proven 
(Digital Twin) of the machine. This will help to 
shorten the development time significantly and to 
assure the proper functionality with less efforts 
than building up a real prototype with iron and 
oil. Even the software programming process will 
be shortened by the model based approach of 
automatically generated software code for the 
related target system out of the simulation tool 
chain. But for these purposes we have to get a 
clear understanding what is the content of the 
Digital Twin. 
Figure 3. 
However, different models for the various 
purposes will be needed as shown in Figure 4.
For the simple sizing and configuration 
process, the so called static models (level 1), like 
CAD-files, EPLAN-Macros and characteristic 
curves (e.g., Speed-torque curve or pressure-oil 
flow) are sufficient. 
For system design and validation issues you 
also need dynamic models (level2), where all 
relevant limitations and dynamics are covered. In 
most cases it is sufficient, if the system dynamic 
is approximated by PTn-models with limitations 
in order to keep it simple.  Although, for a 
machine and program simulation or a virtual 
commissioning you need models (level 3) for the 
software and the digital control function, too. 
Because then you are able to adjust the 
parameters of the Digital Twin, which is needed 
for the virtual commissioning and programming 
of a machine or system. 
Figure 3: Definition of a Digital Twin
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3. MODEL BASED ENGINEERING 
Before showing concrete examples the pre-
conditions for a successful Model Based 
Engineering approach shall be listed: 
1. Product data base for all data related to the 
product from the design, production and 
operation 
2. Simulation models for the different purposes 
and use cases with a modular model 
architecture 
3. Standardized interfaces between the 
different simulations tools (FMU, FMI) for 
data exchange and Co-simulation 
4. Open software architecture with an option 
for code generation and software modelling. 
For internal design and development issues more 
detailed and domain specific models are needed 
in order to make a deep system analysis or 
optimization (e.g. CFD for fluid). The software 
itself is also tested in advance by simulations on 
a PC, which helps to reduce the test efforts by 
automatically test routines with virtual load and 
process models on a virtual test bench. 
In summary, the mechatronic engineering 
process for electro-hydraulic solutions will be 
assured and improved with models (see Figure 
5). 
In this paper the new tools and processes such as 
an early system simulation (multi-technology 
models) for the design and concept phase in 
order to proof the concept 
and a new software development and test 
process with automatically code generation 
and validation with a virtual prototype will be 
described. 
In addition to that, it will also be shown how such 
models will help to improve both operations and 
service with new methods and solutions for e.g.  
AutoTuning & Adaptive Control: new control 
algorithms for optimized performance and 
productivity with system identification and 
model based control, and 
ModelBased Condition-Monitoring with 
wear and tear model and virtual sensors 
during operation. 
Figure 4: Different model levels for the specific purposes 
Figure 5: Model Based Engineering - Overview
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4. MODEL BASED CONTROL 
(EXAMPLES) 
The following examples will give an impression 
about the benefit which can be taken out of model 
based design method in the design and 
developing phase. 
Figure 6: Definition of Adaptive and Learning Control 
In the first application a complex electro 
hydraulic system for a Die Casting Shot Unit
has to be designed for a high dynamic and precise 
shot control. The callenge is that the system 
characteristics are nonlinear, time variant and the 
load (process force) is variable. 
Figure 7: system structure of the shot unit 
Figure 8: cylinder speed for the Shot (without load) 
Therefore, a system model for the complete shot 
Unit based on the domain know-how and 
knowledge in addition to simulation experience 
of the REXROTH development team was 
created. Based on that, a new model based feed 
forward and adaptive control solution was 
developed and prooven by simulation in advance 
with a virtual prototype. 
After that, the C-Code for the new control 
software was generated out of MATLAB 
Simulink, so that the development time could be 
shortened dramatically. No additional 
programming effort was necessary after the 
validation with the virtual prototyp (Digital 
Twin) which saved a lot of development time. 
As you can see in Figure 8 the control 
performance is much better than with the 
standard control solution before. Which means a 
higher dynamic, lower overshot and stable 
control function is achieved. In addition to that, 
less parametrization effort is needed, due to a 
very simple parameter adjustment of the control. 
Another example is the speed variable axial 
pistion pump (see Figure 10), where two degress 
of freedom exist, in order to adjust the oil flow Q. 
Figure 9: automated code generation out of MATLAB for the target system
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Therefore, the pump displacement umd speed 
will be apated to the load condition due to 
different optimization criterias: dynamic, energy 
efficiency or noise. The challenge is then that the 
variation of pump displacement VG has an 
influence on the pressure control and stability.  
If the pressure control is running, then the 
variation of the pump displacement in pressure 
control will have an impact on the 
Oil flow Q 
Motor torque caused by the system pressure 
And the control gain for the closed loop 
The result of the pressure drop due to the swivel 
angle adjust can be seen in Figure 11 (green 
curve).  
Therefore, a new model based feed forward 
control based on a system model for the swivle 
angle pump, was designed which helps to 
overcome these negative effects. In the model, 
the system dynamic of the swivle angle 
adjustment was realized by the modelling of the 
most important parts in the pump: 
electro magnet of the switch valve 
switch valve mechanic 
adjustment cylinder for the swifle angle 
pump mechanics 
With the knowledge of the system dynamic a 
model based feed forward for torque and speed 
was designed. 
As you can see in Figure 11 the pressure drop 
caused by a reduction of VG (swivle angle adjust 
100%  10%) during pressure control can be 
dramatically reduced if the new model predictive 
control is used. The graphic shows the result with 
the different measures: 
1. yellow: with adaption of p-gain 
2. blue: with adaption of p-gain and speed 
feed forward 
3. red: with adaption of p-gain and speed & 
torque feed forward. 
Figure 10: speed variable displacement pump (Hydro Gear)  
Figure 11: model predictive feed forward for speed variable pump 
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Figure 12: system model of variable pump (EZ)  
5. CONDITION MONITORING WITH 
VIRTUAL SENSORS  
In the last chapture the area of condition 
monitoring will be discussed and the benefits 
which can be achieved by system models that are 
used in order to generate virtual sensor signals.  
But first, some basic definitions and explanations 
are given in order to have a clearer understanding 
about condition monitoring.  
In Figure 13 an explanation of condition 
monitoring and its target are given. Regarding the  
methods for condition monitoring the following 
three analytics have to be differentiated
Descriptive Analytics 
Trend analysis and monitoring of 
operation conditions (sensor signals) 
Diagnostic Analytics 
Generation of representive virtual sensor 
data (e.g. friction) with a specific test cycle 
or online by system-/ component model 
(Digital Twin)! 
Predictive Analytics 
Health Index with DataAnalytics based on 
sensor data. With a life time estimation 
based on stochastic methods 
The system models will help in that aera to get a 
better system understanding and also it is a 
opportunity to get valuable information about the 
system condition. Based on a deep product 
knowledge (domain know how) specific test 
cycles or system models will help to generate non 
measurable signals (e.g. like friction, leackage or 
oil condition see pump model in figure 14). These 
operation conditions can then be used to monitor 
the condition of the electro hydraulic system and 
together with wear and tear models or AI-
algorithms it is possible to generate a health index 
of the system, which is needed for predictive 
maintenance soltutions. 
Figure 13: Definition of Condition Monitoring
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Figure 14: Virtual sensor (example pump model) 
6. CONCLUSION AND OUTLOOK 
As shown in this paper the Digital Twin will 
change the development and engineering process 
fundamentally and which advantages can be 
taken out of that. For the product quality and 
productivity, but also for the engineering process 
due to efficiency increase. But in order to 
establish the Model Based Engineeering process 
in a company, a fundamental change in  mind and 
the engineering process is needed. And the 
Digital Twin needs to be filled with content, 
which means a lot of product data and the 
corresponding system models are needed first. 
Therfore a lot of initial effort has to be accepted 
before on the long term the harvest can be taken 
out of the new MBE-approch. But in the end it 
will be worth while to change, because the 
innovation potential is huge and the Digital Twin 
will define the future. And the future begins 
already now. 
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